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iPicmoTeyMowonwor acecllate total construction cest esti- 
mates to the Congress 15 2 continuing problem for the Naval 
Facilities Engineering Comaand. It 1s the purpose of this 
thesis to provide a serias of equations which will reduce 
the variance of the actual total cost from the estimated 
wecal Cost. When these equations are applied over the long 
mumeecO all Maigtary Construction projects, this variance 
could be reduced by approximately ainety percent. 

These equations are darived through the use of statis- 
eacal regression of the past eight years Military 
Construction project's ACmaL  COSt regressed on the 
prea ject's authorized cost. A total of 1065 projects are 
compared and the resulting equations are assembled by 
Engineering Field Division (EFD) and by fiscal year. 

In addition to the regression e2guations, an average 
project cost variation anda weighted cost variation is 
provided for ¢ach EFD. Th2se variations can be used by the 
BPD's as trend indicators and measures of ‘the overall 


effectiveness of the EFPD's cost estinating practices. 
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I. BACKGROUND 
The problen of making accurate Cons bue: 1027) COse 
estimates goes back to antiquity. There have been many cost 
estimating methods and concepts developed over the years. 
Most of these were used unti they were superceded by a 
method or combination of naethods which led to nore accurats 
estimates of the actual cost of a project. There is still 
no one cost estimating nethod or combination of methods that 
will produce 100 percent accuracy 10) percent of the time. 

This problem, which continues to plague the construction 
Meamstry, is due to the industry's inability ts project the 
Bemabko ampact Of all of thea factors combined on construction 
costs at some point in the future. These fastors include 
such variables as inflation, inconsistent but acceptable 
SeeaM@aeting practices, varying local condititions, eee 
labor rates and the cost of materials, as well as the 
changing political make up of the Congress in the case of 
Beeercary construction. 

The purpose of this thesis is ¢+o provida adjustment 
BaGtoOrs to asSist in th? preparation of more accurate 
Seeesactes of the actual total costs of Military Construction 
(MILCON) Peeneces MP PELOL tO their authorization by the 
Congress. A review of the past eight years' actual costs of 
all closed-out Navy MILCON projects, including Bethesda 
National Naval Medical Center and Trident West, will be used 


to derive the individual adjustment factors for each 
Engineering Field Division © (EFD} and one ror Naval 
Facilities Engineering Command (NAVPFAC) as a whole. A 


method for updating these factors will also be provided. 
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3 3 2552 
Mecurate Construction cost estimating and the approach to a 
solution as proposed by this thesis. Gnapter Gi will be a 
discussion of the major influences that have an effect on 
MILCON cost estimates. These include a discussion of the 


Congressional role in the MILCON funding process and NAVFAC 
and the EFD and their roles in the MILCON cost estimating 
process. Chapter III will be a datailed discussion of the 
analysis of the data. Discussed are the data and their 
sources, the methodolcagy used to obtain the factors, and the 
results of the data manipulation including a summary listings 
of the findings. Gyipe- te tvew Lea t seuss! ths conclusions 
and recommendations reached as aresult of the research. 
Appendix A will be a datailed listing of the findings 
segregated by EPD. Appendix B will be a detailed listing of 
additional information obtained duriag the tvesearch. Thies 
miporMation will be useful in a comparison of the SFD's 
MILCON project programs. Appendix C will be a condensed 
tedl= listing specific student's + distribution values 
available to be used in future calculations by tne EPD's and 
NAV PAC. 





II. MAJOR ASPECTS OF THE MILITAR 


= 


There are several major aspects and perspectives of the 


MILCON process that reguire special attention. These 
include the roles of the Congress, the Naval Facilities 
Engineering Command (NAVFAQ), the Engineering raid 
Divisions (EFD's), and the Facilities Acquisition and 


Memseruction Support Office (FACSO). 


A. THE CONGRESS 


In the Congress, ene We litary Construction  ( 
Project funding process go2s through four phases as depicted 
my 8Figure 2.1. These phases are osresented in detail in 
Baples I through IV. 


10 











ee 


PHASE § YHASE i PHASE it! PHASE iV 
Intesmeation Gathering and Analyus Authoring Leguletion Action on Authouring and Second 


Aan» 
Bend pes 
1$ Oove 
Alias 
Congres 
Carcenss 
CUARENT SERVICES 
BUOGET av 
mov ig¢ 


EVALUATION 


Pigure 2.1 


10 Novenber 


31 December 


15th day after 
Congress convenes 


15 March 
fea oril 


Hee aApril 
fio April 














and Furst Spendeng Legeietion Hewluuon end 
Concurrent Resiuucn Reconcitiaues 













Comet tees Congress 
of Sorh Houses Com@iaies budget 
ondyie ond authority and 








mabasit report eanitement tals 



















Cungretsonad Cony ass Cangresuenal ens 

Gudget Otte adopus fins dudget Ollce raigaas 
wnaly sen Camcurant Monta 

and seperts 6 BS Oeeg 1 ag (8pe1u we 





(Tow Oe 


Base ak 
Comanttees 
pieware lest 
Conuseent 

eae ws Loy 












General Chronology of Congressional Budget 
AGtLON 


Pets = 


Phase I 


President submits current services budget 


JO2n¢ ECOROUMoCecomm ttee submits economic 
evaluation to budget committees 


Presid2nt submits his budget 


Committees a5 JO hee Coan ees subnit 
ge ato 


rt 
reperts to bu t como = 


Bl ioe! 

ees 

Congressional Budget Jffice submits report 
to budget coumittees 
President submits budget amendments 


Bud te Committees report first concurrent 
res tion ¢59 thelr houses 
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PABLS IL 


Phase II 


15 May Committees report legislation authorizing 
new budget authority 


PASLE ELE 


Phase III 


15 July ce Oe submits additional budge+ amend- 
nents 

No Deadiine Be eee ons committ22s prepare spending 
ills 


No Deadline Budget committees prepare second concur- 
rent resolution 


Jon day Congress complet?s action on budg2t authority 
aec er and’ entitlement bills 
Labor Day 

TABLE IV~ 

Phass IY 


15 September Congress adopts second concurrent resolution 


No Deadline Commpttees sraport reconciliation bill or 
resolution 


25 September Congress. completes action, brings congressional 
P bada iSite to 2 Si J 3 


get time 


Table I depicts the information gathering and 
analysis phase in detail. Table II describes the *ime 
Peeeoad GUuring which the authorizing legislation and the 
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[TABLE V 


Subcommittees of the Acmed Servizes Committees, 95th 
Congress 





House Senate 
Intelligence and Wilitary ~~~” ~~ “Intelligence 
RepLications of Nuclear ee ; 
Energy me Pacary Construction 

and Stockpiles 
Research and Developement General Procurement 
ape et and Strategic and Arms Control 
mBacical Materials 


Investigations Tactaeat Abc Crart 


Leet ~Last ations and 
Pactiities* Research and Development 


Military Personnel saneral Legislation 
Military Compensation Manpower and Personnel 
first concurrent resolution are vassad. Table III is the 


time table for the Congressional actions on the authorizing 
and spending legislation. Table IV shows the final phase.of 
the Congressional appropriations lajgislation action during 
which the second concurrent resolution and reconcilation are 
passed into law. 

As shown in Table V, Vio eGCON ADDEOOLLaA=2OnNS are 
handled in the House of Representatives by the Military 
Installations and Facilities subcommittee and by the 
fra ry Construction and Stockpil2s subcommittee in «the 
Senate. 

These subcommittees raview each submitted MILCON project 
separately. Due to the excellent reputation of these 
subcommittees with t+he rest of the Congress, their 
recommendations are seldom questioned. During Phase II ach 
service head is called on to defend his program submission 
am aetail. Pier omac eats time <nat the need for accurate 
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cost estimates is imperative. If the subcommittee is 
confident that every effort has bean made to develope an 
accurats estimate they are much more inclined to fund the 


associated project. [{Ref. 1: p. A-19 ] 


Be. NAVAL FACILITIES ENGINEERING COMMAND 


Naval Facilities Engineering Command is a sub-major 
Claimant of the Naval Material Command whose responsibili- 
ties include the construction, Maintenance, and repair of 
all Naval shore facilities. finese Sactliztzes iaciude all 
Navy-owned real estate and natural resources as well as all 
Naval shore installations. 


Gs ENGINEERING FIELD DIVISIONS 


The first echelon below headquarters in the NAVFAC chain 
of command is ‘the Enginetring Field Division (EFD) level. 
There are six EFD's locatei in various locations to provide 
@entractural jurisdiction over specific geographic regions 
as shown in Pigure 2.2. 

im the Construction ohase of Operations, NAVFAC is 
responsible for the Completion sf Sache SOONS -auee Zon 
@emerect in accordance with all plans and specifications. 
These contracts are administered by Resident Officers in 
Charge of Construction (ROICC's). APR OMeCe. TEDL = sedi rect Ly 
Memene EFD in all contract matters. He is also normally 
assigned to the installation as the Dublic Works Officer 
and, as such, reports Greece gy “tO. the -instal lation 
Commanding Officer. [Ref. 2] 

NAVFAC and the EFD's are responsible for furnishing the 
technical expertise in th determination of the need for new 
construction through the Shore Facilities Planning and 


Programming System (SFPS), for ensuring activity compliance 
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Figure 2.2 United States Showing Locations of Engineering 
Pield Divisions 


with instructions and criteria, and adequacy of cost 
estimates, as well as forwarding tachnical review comments 
to the appropriate level of the operational chain of command 
where decisions are made on funding and programming 
priorities. (Ref. 3:p. 245 j 

NAVFAC and the EFD's are also responsible for publishing 
planning guidelines and instructions to implement the SFPS, 
and providing engineering assistance where needed {Ref. 4]. 


De MAJOR CLAIMANT 


The activity major claimant is responsible for defining 
the activity's mission ani orojected base manning levels. 


Subseguent to developement of SFPS documents, the major 
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Claimane reviews and validateS the documents. The najor 
claimant coordinates its subordinate commanist military 
construction programs. 

The activity is responsible for initiating planning 
actions and documents and for obtaining assistance wher? 
needed. Projects for correction of facility deficiencies 
are normally initiated at the activity level. 


Meer ACL LIT IES &€CQOULSITION AND CONSTRUCTION OFFICE 


mee Facilities Acquisition and Construction Support 
Office (FACSO) is the accountant for NAVFAC. FACSO usés a 
fully automated system to maintain 2ccurate accounts of all 
Gonstruction and acquisition contracts administered by 
NAV FAC. in meeddteson tc) Wekung ail construction contract 
payments, PACSO also issues periodic management reports in 
Euppors: of the EFD's. 


mee COST SSTIMATES 


At present, cost astimates are prepared by various 
methods. Among them are the use of angineering performance 
standards, the use of the Shore Facilities Planning and 
Programming Manual , as well as the use of established esti- 
mating practices and the general experience of the eésti- 
mator. Even with these established and accepted estimating 
Pesetices, there is still 2 need to add an additional factor 
to adjust the estimate to take into account the variability 
Of the EFD's estimating practices. 

Estimates for construction projects aust include the 
approximate cost of every item that enters into the work. 
Unit costs are based upon the cost of material in finished 
mend. tiOn. These include material and labor costs as well 


as the contractor's indirect charges, and overhead costs. 
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Material requirements are developed from quantity surveys, 
and material prices are obtained from past records that are 
adjusted to the current date or from suppliers! and manufac- 
turers’ quotations and cat32logs. Estimated labor costs ars 
obtained from historical data as recorded by the Facilities 
Pegquisition and Construction Support Office (PACSO), fron 
recognized estimating publications, and are adjusted for 
current labor rates in the local area. The local nininun 
government construction contract labor rates are set by the 
Department of Labor in accordance with the Davis-Bacon Act. 
It is usually necessary for this adjustment also to reflect 
other local conditions and proposed nethods of sonstruction. 
The material and labor cscharges should also reflect any 
unusual risks that ight be encountered because cf working 
conditions or scarcity of material and/or ano e. 
Furthermore, if these unusual risks warrant their inclusion 
as a special item in the 2stimate, they should be priced on 
a material and labor basis, if possible; otherwise, a lump 
sum charge is standard prastica. 

The estimated indirect charges of the contractor include 
all items normally recognized by generally accepted 
accounting practices as overhead. This total charge varies 
with the «ype and extent of the construction and the loca- 
tion of the project. Mies COM tractor’ S estigated profit is 
set at a maximum of six parcent of the estimated construc- 
mon COStS including indirect and overhead costs [Ref. 5:p. 
2-3}. The factors which are used to calculate the estimated 
contractor's profit vary from the anount of competition and 
the size of the project t» the contractor's need for work to 
stay in business. [Ref. 53 p. 2-2] 
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G. TIME ELEMENTS 


The norfal MELCON project is of sufficient complexity 
and magnitude that the time required for the designer to 
prepare the thirty five percent design documentation often 
exeeds a year. This documentation comprises thirty five 
percent of the total design effort and includes preliminary 
cost estimates, outline specifications, preliminary draw- 
ings, and supvorting dat:3. The thirty five percent design 
documents are necessary in order *9 determine an approximate 
estimate of the cost and scope of th? project. This projec 
complexity and magnitude aakes the use of civilian commer- 
cial expertise almost mandatory as most activity and EFD 
engineering departments ace not equipped to produce highly 
Specialized design. Most project dscumentation is provided 
by Architect/Engineering (A&E) Service contracts. These 
contracts are awarded in accordance with NAVFAC P-68 which 
details the procedures by which they are to be solicited, 
negotiated, awarded, and administered and the mandatory ‘ine 
envelopes associated with each phase. The requirements 
associated with each phase of design contracts vary with the 
Gype and size of contract. [Ref. 2] 

Horlewimg the initiation of the oroject at thel activity 
level the AGE contract documentation aust be prepared by 
either the activity, Peet eliasetne Capability, or by the 
Segntzant EFD. The time pericd for this evolution is two to 
four months. Subsequent to the completion of the design 
contract which had encompassed a total of four *9 six months 
and preduced the thirty five percent design and ovroject 
engineering documents (PED), Pie 2s chvVicty Or CFD puts the 
information into the proper format for submission to its 
major claimant and Simultaneously to WNAVFAC. By this time 
almost a year has elaps2d since the initiation of the 
eeo ject. After the project is inserted into the CNC's 
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budget submission and into the Presicent*s budget request, 
it takes almost another y2ar for the Congress to complete 


its action and provide funiing, as shown in Figure 2.1. 


A. INFLATION 


Over the past eight years, when inflation was 
approaching twenty percent at one point, theses time delays 
of twelve to eighteen months could mean that a praject's 
original estimated cost could hav2 risen substantially 
faster than the standard ten percent inflation rate called 
for in the SFPS documentation. A rtomparison of these two 
inflation rates would appear to show that the SFPS inflation 
factor may be too low. 

in fact, however, the use of the constant ten percent 
inflation factor does hav2 a tendency to fully offset the 
@mrect of inflation (in the long run). While the total 
actual costs rise, the cost estimates have risen at ten 
percent which closely aporoximates the actual average ixnfla- 
tion rate over the past five years, Therefore, there 
aemears t> be no need for an additional inflation factor to 
@eeount for the long run effects of inflation. 

Inflation has had a detrinental impact on the reli- 
abllity of those estimates made two to three years prior to 
submission and an especially detrinental impact if the esti- 
mate was not updated immediately prior to submission to the 
CNO. Project managers and tajor clainants are aware of this 
effect and are requiring that all estimates be updated for 
inflation and any other forseeable changes immediately prior 
to submission to the CN) in an eaffort to ensure more 
accurate estimates. 


bs, 





A. INTRODUCTION 


The data on the 1065 projects over the last eight years 
were analyzed in an attempt to orovide a better method for 
Peed. cting the actual costs of a construction project using 
the original estimated costs as a predictor. The data were 
disaggregated by EFD as well as by Fiscal year within each 
BPD. Linear regression analysis was used *o obtain predic- 
tion equations. Equations for on2 EFD are examined in 
detail in this chapter with the detailed resul*+s from the 


other EFD's being presented in Appendix A. 


Be DATA AND SOURCES 


The data were obtained from PFACSO Report number 
MO BIDYL.CNTL (Act COST)) wise n Jt sts cach closed-out or 
completed construction project along with its authorized/es- 
timated cost, and its actual cost, as well as its identifi- 
Cation number, title of the project, and the activity at 
Wnich it was constructed. The data osbtained from FACSO were 
verified by comparison with *h2 annual Composite 'As 
Enacted! Budgets provided by Congress to each EFD. These 
budgets list all MILCON projects separately for that fiscal 
year with a full explanation of the project and amount of 
Beading authorized for it. The authorized amount in each 
case was found to be the same as the estimatad cost and, 


therefore, the terms are used synonynously. 
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C. METHODOLOGY 


The two actual and estimated costs for the projects were 
related through the use of linear regression analysis. 
Linear regression analysis can be simplistically defined as 
the fitting of a line to a plot of more than two related 
points by a method known as the least sum of Squares. This 
method reduces the sum of the squared distances from each 
point to the line to a minimum and thereby provides a single 
linear equation wien Gelpresencs all of the plotted 
relationships [Ref. 6: p. 320]. 

The pairs of points are plotted using the actual cost as 
the dependent variable oon the y coordinate and the author- 
ized/festimated cost as the indepenient variable on the x 


coordinate. The resulting equation has the fora: 
Y=B) + B1 x Xi 


where y is the expected actual cost of the proposed project, 
Xi is the authorized/estimated cost, 380 is the y intercept, 
mma Bl is the slope of fitted line. 

The accuracy of ‘the fitted equations is denoted by the 
R2 term. R2@ (Coeffecient of Deternination) is defined as 
jm] proportion of the total variation of Y as explained by 
1 Be) 


variation of the actual cost from the estimated cost by «the 


(0 


fitted equation. The fitted eyuation will reduce the 


amount of R@ [Ref. 6S:p. 423 Je R2® is a measure of the amount 
of variability of the dependent variable that is explained 
by the fitted equation and is expressed in the forn cf 2 
number between zero and 100. A higher percentage indicates 
a better fit and a more useful equation. 

The standard error of the coefficient is a measure of 
the accuracy of the fitted coefficients of an equation. Ths 
standard error of the coefficient measures the deviation of 


Mae Coerficient Erom the expected cosfficient. The smaller 
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miemestandard error the more exact is the £i+ of that 
coefficient of the equation. 

Ome would not Expect any fitted line to predict the cost 
of any new project with 100 vercent accuracy. Therein lies 
the need for an interval around the expected value in which 
the actual cost will lie with some degree of certainty. The 
following prediction equation is used to déerive such an 
interval: 


yt/~ %~(1-a/2,n72) (s) , (Xo~-X) 2 


n 2£&Xi2-(n¥2) : 








fer. Tip. 72] 


The following terms apply to the preceeding equation; 


x is the Wean authorized project cost for that EFD; 
n is the total numbec of projects used in the regres- 


Sion (see Appendix A); 
t is described as a student's ¢ distribution with na-1 
degrees of freedon. The level of certainty is selected at 


this point as it is needed to determine the appropriate = 
value (See Appendix C for Specific t values); 


Ss is described in gen2ral as th? standard deviation of 
the residuals (or the normal or axpected distance the 
Brotted observations lie form the fitted line); 


Y is the figure used to denote *h2 new or expected valus 


feetne actual cost; 
a (alpha) is the significance level (.05); 


Xo is the estimated cost of the new project provided by 
tha EFD; 


Ze 





Gace Set nece = sum Of the individual authorized costs 


squared. 


The interval obtained from the above equation is the 
range in which the actual cost (Y) will fall with a given 
Sestaihty or probability. DiemmGertatney Or pEObans lity os 
entered into the equation via ‘the + value provided by 
Bependix C. Moaowcpecur ication Of a Specific probability is 
left to the user. The interval wiith can be controlled by 
an applicable rule of thumb that states that the smaller the 
probability used, the narrower the interval will be and vice 


Versa. 


De RESULTS 


Figure 3.1 is a plot of Chesapeake Division's fitted 
line and the prediction interval associated with an (2) of 
205 - This figure is represetative of the other EFD's as 
well as Bethesda and Trident West. 

lie Fatted Line 
meeecne fitted line foc Chesapeake Division with 77 
observations over six years is 


y = 1.6592 + .9307 ext Authorized 


Seeeny standard deviations for Bo = 23.05 and for B1 = .0126. 
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Figure 3.1 Detailed Plot of Chesapeake Division Fitted 
Line and Prediction Interval 


ger 6Prediction Equation 


The prediction eguation for Chesapeake Division is 


et /= (1.98) (182.77) ; : (Xo = 771)2 fe 
TT (5802ZZTIITI= (77) (77 1S 2 
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Gumecaerestits if th¢e EOCllowing ranges 2% selected points 
XO gl Ra elle 
500 + /- 304.2576 
771 + /- 364.2269 
1000 + /- 364.2446 
1500 + /- 364.4056 
2000 + /- 364.7322 
3000 + /= 365.8943 
3500 t /- 3656. 72359 
toemse LTanges are graphically depicted in Pigure 3.1. 


The regression equations have b2en calculated for each 
EFD as well as Bethesda and Trident West and 2re oresented 
in asummary form in Table VI and aS an agaregate in 
Appendix A. 


jie t2tted e€quation for the entice data set is 
Y = 166.45 + .08412 x Authorized 


meaeeroaiced an R2 of only 26.492 percent. The low 82 is due 
to the difference in the mean sizes of the normal MILCON 
pao yects nd those mean sizes found in the Bathesda and 
Trident West construction project packages. When these two 
construction packages ara introduced into the regression 
analysis their means distoct the total data base to such an 
Preent chat 2 Meaningful fitted line cannot be obtained . 

d Trident west data fron 


The removal of the Bathesda an 
coe stotloving NAVFAC £zeted 


the regression analysis produces 
equation 
Y = 54.735 + .8657 x Aathorized 


and 


Re = 5o9.69 persen=. 


This equation is useable by NAVPAC to predict the actual 
Ses. Of a proposed project and, Lf used over the long run, 
Will tend to reduce the estimatiny variance to near «en 
percent as the equation 15 capable sf explaining only 89.69 

+ 


percent of the variations of the present actual costs. 


25 





TaBLse VI 


Summary of Regression fqguations 


Naval Facilities Enginzering Command 

AGemele= SU5735 £ «5557 x AUthorized 
Chesapeake Division 

Recicdmi= 1,60592 + .9307 x Authorized 
AtM@amtic Division 

Actual = 31.049 + .7342 x Authorized 
Northern Division 

Remo I 222 5a eee x AUTHOTLz224 
Southern Division 

Actual = 2.02 + .3944 x Authorized 
destern Division 

Mesiiclue= 4 1505706 9575 xX) Authorized 
Beer e2eu ds Vis ton 


AGeuate=)- 16096 + .3337 x Authorized 


Pegumee 3.2 91S the plot or all tn2 EFD's and Bethesda and 
Meagent West's fitted lines which graphically illust 
above comments along with the effect of the inclusion and 
removal of the Bethesda and Trident West data. 

A review of the R2's for sach EPD, provided in 
Appendix A, reveals that the Atlantic Division's overall R2 
memeonly 76.65 percent which is ten t5 fifteen percent lower 
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Figure 3.2 Plot of All Fitted Equations Including Bethesda 
and Trident West 


than the maer Hro’S. Siioceraec cena c om) Of the fiscal 
years' R2*s indicate that in FY1979 an R? St vonly 69.9 
percent was realized. This aberration is due to the 
occurance of several larg2 variances within the seventeen 
projects of that year. The causes of these variances are 
not known but due to their clustering in a single year would 


indicate an estimating problem or some other unusual proplen 
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in that year. The removal of the FY 1979 data from thse 
regression raised the overall Atlantic Division R2@ to 78.32 


percent. 


Ee SUMMARY 


Through the use of regresssion analysis, Fitted equa- 
tions for each EFD and NAVFAC as a whole were derived. 
Using these equations and the given prediction interval 
equation, an estimate of a prediction interval on actual 
cost of a ovroposed project can be darived with any desired 


degree of confidence. 
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ae «=6CONCLUSION 


The conclusion drawn from the derived equations is 
suamed up in the NAVFAC equation. The NAVFAC equation can 
be interpreted to mean that the data are linearly related to 
such an extent that 89.69 percent of the variability of the 
actual costs in the past 2ight years' NAVFAC MILCON projects 
can be explained by their 2stimated/authorized costs. This 
statement does not include the two special cases of Bethesda 
and Trident West. 

Mace tne Ovrart Atlantic Division R¢ being 76.65 
percent, which is ten ¢t9 fifteen percent lower than any 
other EFD, there appears to be the possibility of a special 
estimating problem that is peculiac to Atlantic Division. 
The presence of the wide variations between the actual costs 
and the estimated costs would indicate that there may be a 
problem. However, there is also *he possibility that the 
estimates were the best possible but the contracts then 


fs 


selves may have had peculiar problems and, hance, create 
cost problems. Due to the special problems chat Atlantic 
Division appears to have, as indicated by the low 22 values 
Srewn ian wAppendix A, it can be concluded further study is 


necessary. 


Be. RECOMMENDATIONS 


At the close of each year, those projects that have been 
closed out by each EFD during that year should be added to 
the bottom of that EFD's data base and a like number removed 


from the top. This procedure will provide a data base of a 


Poe) 





Seeeeenee so ce to@c wll! not beccoms 250 Large «59 aanalisz of 
too mall to provide an accurate regression. Bou. 
insertion of the new projects, 2 regression a 
should be repeated and the results reviewed in the 
Manner as previously discussed. The effect of the applica- 
mon of the fitted equations will not be evident until 
projects that have been estimated using these factors are 
Closed-out and their actual costs compared with their 
estimated costs. 

Memeeis noctéd “that ali of the slopes (Bi's) in the 
regressed equations are less than 1.) which is indicative of 
a consistent shrinkage of the estimated to the actual cost 
of the project. This reduction appears to be due to a syste- 
Matic overestimation of all projects. This overestination 
may be attributable to an attempt ts offset the effects of 
[MiptaeLOn OF to ensure that the size of the contingency fund 
meamsouteicr1ent <o cover all circumstances. A ceview of the 


past five years' inflation would indicate that the average 


annual inflation rate is approximately ten percent. With 
NAVFAC P-448 [Ref. 5] calling for a ten percent inflation 
factor to be used consistently in #s*tinating, infidel on 


should not be a factor in the variance from *h2 authorized/ 
estimated cost. However, the slopes would indicate the «en 
percent factor is unnecessarily high. Consequently, there 
1s a possibility that the inflation factor in P-448 should 
be adjusted. mnese Possibility 932d the size of the 
adjustment will reguire further study. 

A second possible explanation for the shrinkage is the 
size of the contingency or management reserve factor used in 
the current estimating process. At present, NAVPAC P-448 
allows for ten percent of the construction costs to be added 
ema contingency factor. ie would appear that the 


Bometruc.10N CcOst estimates are cf sufficient accuracy so as 
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SOM aLaGeLy adlizevVia=~e the seed f95 a portion of the 
eencangency funding. TilseeeOsslollvcy and cha Size of the 
possible adjustment also will requira further study. 

Upon completion of the data manipulation and linsar 
regression process, it was nored that Atlantic Division 
appears to have had some spé¢cial problens but, overall, the 
EFD's and their ROICC's have consistently brought their 
MILCON projects to completion below the estimated cost. 
This speaks highly of their estimating, managerial, and 
administrative skills. The indication of consistent overes- 
timation is the basis for the reconnende studies into «he 
Peseibility of the reduction of the inflation and contin- 
gency factors presently used in YWILCON cost estimating. 
More accurate estimates would conceivably improve the NAVFAC 
credibility with the Congr2ss which, among other benefits, 
could generate more favorable considerations for the MILCON 


program in aeneral. 
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This appendix is designed to provide an aggregate of the 
data derived from «he regressions of the individual EFD 
data. 

Listed are: 

1. The names of the EFD's on which the data we 

2. The fitted equation for each EFD and each fiscal year 
in each EFD 

3. The sum of the authorized/estimated costs squared 

4. The standard deviation of the residuals from the 
Petea Line 

S.- The number of projects used in the regression analysis 

6. The resulting R2 


Ere? ED SUMM STD DEV 
EFD EQUATION SQUARES OF RESID 40BS Re 

S x2 (s) (2) 
NAVFAC 54.735+. 865 73AUTIY G78.64 999 -8969 

15178549900 

CHESEPRAKE DIVISION 580221990 
OVERALL 1.6592+.930 7#A0TH 182.77 77 9864 
74 13.160+.9902SA 0TH 245.351 18 sor OU 
15 -20 +.910 1*AUTH T Mowe 12 9923 
76 69.8+.664 02AUTH 0.05 13 9784 
78) -11.54+.915 068A UTH g7.37 V5 -9998 
78 6.874.877 08AUTY 60.60 12 - 7403 
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no -120+1.205@A0TH a)e)a e15) 15 re) sho 

SOUTHERN DIVISION Sis 5022000 

OVERALL 2.02+.8944 “a0TH 406.14 214 29149 
74 73.77+. 89288AUTH BUS) ts i? Ses 7 
75 ~4.41+.94728A0TH Sy oh Aue, 67 S250 
76 96.22+.5924"AT TH 371.02 40 - 7464 
a7 17. 48+. 74682A0TH 209.42 30 oe Oy 
the 22 22 te Oe MULE yiteylO; SOS: on eo 
a9 292.294.9107 SAUTE 98.33 11 235 96 

ATLANTIC DIVISION 1737286000 

OVERALL 31.0489+ .73428A 0TH 414.68 ies ~ 1665 
Pou =t25122+ 2.987 688TH 285.24 ae, epi ST 
foe 91.99 + 90S SSA ULH 332.15 38 -9090 
76 Biome te.) OZ ORR ULE Posi 80 50 - 2066 
77 69.792+ .6376#AUTE 200.44 22 s2950 
78 §3.273+ .6244RA 0TH 12s ate 24 96 
79 393.18 + .92208A3 0TY 602-7 0 Aer Bele) 2.0) 
80 CANNOT REGRESS ON ONLY 2 OBSERVATIONS 

NORTHERN DIVISION 1991578000 

OVERALL 12. 225+ .~94 922 AUTH 264.42 125 29464 
74 58.441+ .9874RA0T H Zula 3 Pia, Bee) (aK, 
75 19.053+ .~81822AUTH 266.53 I. 5 WS 
76 Sismest . S>O3F A0T A oOo | 34 S93 296 
77 9.075+ .8739¥ AUT A 127.44 20 seo) 
78 11.0284 .8214*ATTH 49.33 11 1902 
Bo -75. 282+1.0948 AUT H Byes Pa), 6 Bpshe) 1 
80 35.4164+ .83 10% AUTH 38.21 fe BS S/S 

PmeerFIC DIVISION 2347655000 

OVERALL -1.093+ .8887*AUTH regis 10 128 ee oon 
74 91.869+ .885 1*A0TH ZA ens 3 42 .9689 


S16) 





75 -32-6774+7.071958A0TH ioe S 2 2 oO 7 





76 50.090+ ./784 8A UTH 249.98 14 =. 8862 

77 -124.030+ «939 4A UTS 499.01 Bia ee S)72 

78 20232+ « IS96R%AUTH egies 2 16 «6.9478 
ys) -70. 864+1.01968A UTR 111.66 Ls ees) 

WESTERN DIVISION 5388709009 

OVERALL 41.657+ .9575@A 0TH Baie) 5 S02 co 3 
74 262.770+1.18008AUTH 510233 70 =.8085 

75 83.055+ .9045RATTH 421.43 69 .9477 

76 §9.004+ .779 7*AUTH Weag.7 3 ioe 2005 

V7 46.428+ .~7685SAUTH 291.595 WAS) ey charac! 

78 =~8.6824+ .9699%A UTH 109.67 BS} easel, 

79 «= ~36.780+1.0619"A 0TH 68.53 14 .9565 

PRERENT HEST 4365602000 

OVERALL 139. 34+ .8527"AUTSA 574.51 U4 .9809 
T&JTS 242.68+ .839 Sa UTI 941.30 12 «9842 
76 36.936+ . 845 4A 0TH 2 Ge5 5 14 «269652 

77)» =-163. 6541. 059 G@aA0Ta Ps 1\'8) SAPs 10 ae Ss 

Pea 128. 1641. 191 208 OTE 349.54 S .9/708 

BETHESDA HOSPITAL B2302 259 

OVERALL 291.656+ . 86 8*AUTH 22155 20, 1 2 9S80 


= SS eee Se ee ee: ee ee) ee Gee Sa eee me ee Se ees ee [Ee EL was Se 
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The ‘mean authorized' figure is the av 
M@@enor. zed agoun=s for all projects in that EFD. 


The ‘mean actual’ figure is the nathen 


rr ey) 
oO 
@ 


mae actual costs for all projects in that £& 

Mpew’evVerage pDetcent shrinkage ot growth’ in the EF) is 
the mathematical average of the percentages of shrinkage or 
Guowen found in each project in the individual EFD. A 
project is said to shrink if the actual cost is less than 
the authorized amount and is said to grow if the actual cost 
is more than the authorized amount. 

The ‘average weighted variance’ 1s a comparison of the 
total authorized amount For all fiscal years and total 
actual cost expressed 2S a percentage of the total 
authorized amount for that EFD. 


aD 4rPeaDw «ab ahr awe am 22 22 eRe ae eae 4a een 2 ee 2S ae Se Se ee ae 2 ee ee Se eee eee See ee Ee Ee USP Se ee ee SRP ee ee ee 2 SP ee eee Se Se oe oD 
— ae es ee ee ee eee ee ee ee ee Se ee ee ee 2S eee ee ee es ee ee ee ee ee ee es eee ee ese Se ee 


ATLANTIC DIVISION 

MEAN AUTHORIZED TOTS. MEAN ACTUAL ota 
BPeeAGE 15.096 PERCENT SHRINKAGE IN THIS EFD 
AVG WEIGHTED VARIANCE 22.529 PERCENT SHRINK 
CHESAPEAKE DIVISION 

MEAN AUTHORIZED UE Nix MEAN ACTUAL Vee 
AVERAGE 9.674 PERCENT SHRINKAGE IN THIS EFD 
AVG WEIGHTED VARIANCE (200s Pane nh at Saat NK 


—-> <P ee ee ee es ee ee es ee ee ee es ee ee ae ee ee eee es ee eee ee ee ee ee eer ee eee ee ee So 
> ee ee ee ee ee eee ee ee ee ee eee ee ee ee eee ee ee ee eee ee eee eee ee 


NORTHERN DIVISION 

MEAN AUTHORIZED O21. MEAN ACTUAL 791.4 
AVERAGE 3296/7 PERCENT SARINKAGE IN THIS EFD 
AVG WEIGHTED VARIANCE Seer) Sak INK 
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macltPiCc DIVISION 

MEAN AUTHORIZED 1010. MEAN ACTUAL eo siel5 
AVERAGE 10.027 PERCENT SHRINKAGE IN THIS EFD 
AVG WEIGHTED VARIANCE 13.064 PERCENT SHRINK 


——— ss SP ee es ee ees ee ee ee ee ees ee es ee es ee es eee ee ee eee ee ee ees ee ee es ee ee es ee ee ee ee eee ee ee ee ee ee eee ee 
— <b ee ee ee ee ees ee ees ee ee ce es es es ee ee ee ee ee es eee es es ee eee es ee ee ee ee ee eee eee ee ee ee eee 


SOUTHERN DIVISION 

MEAN AUTHORIZED ood . MEAN ACTUAL eels 7: 
AVERAGES 7.846 PERCENT SHRINKAGE IN THIS EFD 
AVG WEIGATED VARIANCE 11.570 PERCENT SHRINK 


—> a ee ee ee ee ee ee ee ee ee ee ee ee ee ee eee es es es eee ee ee ees ee ee ee ee ee ee ee ee ee ee ee ee ee ee eee ee ee es ee ee ee 
> <b <s e eee ee es e ee es ee e e es ee ee e es e e e e es e e e es eee e ee ee ee e ces ee e e ee e es e e eeeeeee e eeee e e ee e 


WeotaeRN DIVISION 

MEAN AUTHORIZED 1008. MEAN ACTOAL 1006. 2 
AVERAGE Pace PERCENT SGQRENKAGS EN THIS EFD 
AVG WEIGHTED VARIANCE Q2036 PREENT SHRINK 


— ae cee ce es ee ee eee ee ee ee eee ee ee ee ee eee ees eee ee ee eee ee ee eee ee ee eee ee ee ee eee ee eee ee ee eee ee 
= <a ee ee ee ee es ee ee ee ee ee ee eee ee eee es eee ee ee eee ee eee ee ee ee ee ee ee ee ee ee ee eee eee ee es ee ee 


TRIDENT WEST 

MEAN AUTHORIZED 2348. MEAN ACTUAL 2 Sse 5 
AVERAGE Jenoees POnGeNt GROWER IN T4255 EFD 

AVG WEIGATED VARIANCE 9.803 PERCENT GROWTH 


-_—— eee coe oe ce ee ee ee ee ee ee ee ee eee eee ee es es eee es eee ee ee ee ee ee eee es ee eee eee eee ee eee es ee 
a ee cee ee ee ees ee ee eee ee ee ee ee ee eee es es ee ee ee se ee ees ees ee ee ce ee ee ee ee eee ee es ee ee ee ee ee ee es ee ee 


BET AESDA 

MEAN AUTHORIZED 3766. MEAN ACTOAL Boz. 0 
AVERAGE Q.079 PERCENT SHRINKAGE IN THIS EFD 
AVG WEIGHTED VARIANCZ 6.376 PERGENT SHREK 


—_— ee ee ees es es eee ee ee es ce ee ee es eee ee ee ee ees es ee eee ee ee es ee ees ee ee ee ee ee es 
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The values listed 23re eiose SSRecs fic -Studenet>s 
distribution values applicable to the ninety, ainety-five, 
and ninety-nine percent prediction intervals. Th2 n values 
listed are of such siz2 sd as *o encompass the numbers of 


projects found in the EFD's and NAVFAC as a whole. 


ia a a ep GE ee 


-— WG agon Soo eee 
| 1-a/2 295 .975 £995 | 
- 1 | 
| 60- 1.671 2.000 2.660 | 
1 420 (ees 1.980 Dagiid | 
im ine 1.645 1.960 2.576 | 
te < eeereeee = ence 
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